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Te TRODUCTION 


Alum is primrily a product of the chemical industry obtained by treating 
aluminous minerals such as bauxite, clay, alunite, and leucite, However, it 
may be obtained directly from natural deposits, and From time to time the | 
Bureau of Minos is called woon for advice rezerding the possible marketing or 
exploitation of native alwni, ‘<alinite, anc otier aluminum sulphate minerals, 
The present circular attempts to bring together available information with 
special rezard to the commercial aspects, Tne Bureau will welcome comments, 
criticism, and any additional data that might male this circular more helpful 
to a prospective producer, 


l/ The Bureau of Mines will welcome revrinting of this paper, provided the 
following footnote aclmowledgment is uscd: “Reprinted from U.S, Bureau 
of Mines Information Circular 6882," | 

2/ Metals and Nonmetals Division, 
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DESCRIPTION 


Fotash alum was the first complex alum to be recognized and the first to 
be manufactured comnercially, The courts of Pennsylvania have held that the 
unmodified term, alum, in the singular meens potash alum, The alums, however, 
comprise a series of double sulvotates (or selenates) isomorphous with common 
alum, in which the potassium may be replaced by sodium, ammonium, rubidium, 
caesium, silver, or thallium, and the aluninun by iron, chromium, or other 
trivalent metal, Various combinations are possible and even organic base 
alums have been prevared, Ammonium aluminum sulphate or ammonia alum most 
Closely resembles potassium alum, 411 the alums aro soluble in water, all 
Zive an acid reaction when in solution, and all lose their water of crystalli- 
zation when heated, Tne taste is characteristic ~ first slightly swectish, 
then distinctly sour with a strong astringent action, Most of them are in- 
soluble in alcohol, 


Truc alum is being; replaced by aluminum sulphate, which is a cheaper 
source of alumina, the effective agent in most uses, 


Aluminum sulphate, mmicip.l water works alum, Al 2 (SOY) 3 (16 to 22 per- 
cent alumina), forms (white) monoclinic crystals, ends contain 18 molecules 
of water; it is called also concentrated alum (if alumina over 21 percent), 
paper malcers! alum, block alum, pearl. alum and picixel alum, alferite, or often 
merely "alum": the commercial crystalline mass varics from white to dark brown, 
depending on its iron content’ and other impurities; tne specific gravity is 
2.fl3 and it decoriposes at (T70°C, | 


Aluminum sulphate enters commerce in two grades, both containing about 45 
percent water of crystallization and approximately 37 percent 5 (1) Iron 
free, which contains less than one tenth of 1 percent of iron ast Aes and (2) 
commercial, which contains more than one tenth of iron oxide, A small quantity 
is sold donydrated, 


Typical analyses of the two grades of aluminum sulphate mrketed follow: 


. MGs total pang iaeen. 


° ) 
41503 combined ....... | 16,3 | | 16,4 
41503 basic .. eoeeee eee L.e 1,1 . 
Bes03 eevee eoneeevece i 2 ; ~OO7 
FeO as Foa0z ..e.eeeee - 58 --= 


TSO LUO gi page gee 5 : mae) 


asaya! Aves the following specification for aluminum sulphate: "The 
material shall be basic and shall contain water-soluble aluminum sulphate 


3/ Hoover, Charles P., Water Supply and Treatment: Bull. ell, National Lime 
Association, 1934, p. 141. 
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equivalent to not less than 1/ percent alumina (A103). Percentaze of insolu- 
tle material snall be stated by bidder." | 

Slab alum or alwainous cake, containing about 15.2 percent Al50z and 
about O.2 percent to 0.7/5 percent ferric oxide together with ineolubie carthy 
matter up to 10 percent, and differing in water content, is anotner product, 
Slab alum is a rectangular cake 6 by 6 by 18 inches and weighs 40 pounds, 
Different sizes are specified: Ingot, a lump material 1 to 2 inches in size; 


nut, 1/2 to 1-1/2 inches; ground, minus &mesh, Other sizes include pea and 
rice, 


Alum is marketed in paper~lined barrels containing 376 pounds net, in 
bags (182 pounds net for a sinzle baz and 200 pounds net for double bags) ,. 
and in bulk as slabs, It is also sold in kegs, boxes, and cartons, It can be 
purchased in car lots (minimum 40,000 pounds) or by the barrel or bag, If 
kept on the basic side in manufacturing, alum does not detcriorate in storage 
if kept dry. If it gets wet, bazs and barrels rot and the alum discolors, 


Aluminum-ammonium sulphate (ammonia alum, burnt alum), Alo (SO) z (WHY) >50),. 
24H50, forms colorless crystals, which are insoluble in alcohol, The specific 
sravity is 1.645. ‘The conmercial arficle is sometimes a mixture of potash and 
ammonia alums. Gradess U.S.P., ©.P., technical; lum, 375—-1b. bbl.: ground, 
350—1b, bb1.3 powdered, 275~, 3C0-, 350— and HO0-1lb, bb1.; 200~1b, bags; 

100 and 1l2~1b, kegs; and boxes, 


A typical range of analysis of the commercial material follows: 


Ala (SOy)z .....eee verre. 37,67 
A1,0; @rseeseroeveevervesestevoeos ee rate 
DO. aha eee ateedee es Shee eter alae Sore 20,42 
(i, ) SO), Pe ee en te rer wer : 14,50 
HO of crystallization ..... 0.04 
EYOO 50” wcaea word's sus dacevonne 0,56 


Aluminumpotassivm sulphate is the potash alum, Alp (S0y)3K>80).24H,0, 
also known as alumen U.S.P., burnt alum, alum flowers, alum meal, cube alun, 
It forms white crystals and the specific gravity is 1.7571. Grades: U.S.P., 
C.P,, technical; lump, 400-1b. bbl.; powdered, 300-1b. bbl.3 200—1b. bags; 
l00~1lb, kegs; bulk, ground, 350 1b.3; boxes, cartons, 


Sodium-e iurinum sulphate (soda alum, porous alun), Al, (S0y)3 .NaoSOy. 
eho, forms a colorless crystal that cffloresces readily in air. ‘The speci- 
fic gravity is 1.675. It is purificd by recrgstallization, 


4] Journal of the American Water Works Association, vol, 26, no. 9, September 
1934, p. 1227, 
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uffloresced sodium alum is sometimes called "porous alun", but in the 
trade this name is given to porous alum catze, The latter product contains a 
little socium alum and basic aluminum sulpnate and is made by stirring soda 
ash into alum cake just vefore it sets: duc to its acidic character, the 
aluminum sulphate revcts witn the sodium carbonate, formin,;; carbon dioxide, 
which puffs the mss so that it my be dissolved readily, Grades: C,P., 
technical, Containers: 500-1b, casics, 4YOO- to 500-lb,. bbl,, 100-lb, kegs, 
o5—1b, boxes. 


Specifications,—- In some instances, alum is purchased without specifica- 
tions and in others the specifications vary considerably, The American 
Engineering Standards Committee, 29 West 39th Street, New York, N.Y., acts as 
a central distributing a;sent for the specifications below marked with an 
asterisk, Copics of specifications ado»ted by the Government and issucd by 
the Bureau of Standards, Washington, D.C., or any other Government agency 
can be purchased from the Superintendent of Documents, Washinzton, D.C. 


Alum (sulphate for vater vnurification); 


Amcrican Water Works Association, 
eo FR, 39th St., New York, wW.Y. 


“American Railway Engineers Association, 
59 E, Van Buren St., Chicaso, Ill. 
No, W.S.C. 4, 1922, 


*Amcrican Railway Association, Circ, IV-29, 1924, 
Missouri, Kansas & Texas Lines, 954-22, 


Toledo City, Orio, Devt, of Pub, Service, 
Div, of Water. 


lfiscellaneous: 


Corps of Sngincers, Far Devartment, Washington, 
42,2696, 1921 ~ powdered, for photoengravers! use, 


Dept. of Parchase, New York City, N.Y. 

10-A—~SO0, 1915 - tecnnical, : 

10-A-91, 1915 - roagent, 

l0-A-92, 1915 - filter alun, 

10-A—-S1, 1915 ~ aluminum ammonium sulpnate, reagent. 
10-A—-82, 1915 =— aluminum ammonium sulphate, technical, 


When crystallized alums are heated, the water of crystallization, and 
usually a little of the sulphuric acid is driven off, and the material falls 
to a white powder l:nown as "burnt alum", whicn is used in pharmacy. 
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Chromium-potassium sulphate is oe best~knovm alum, in which aluminum has 
been replaced by another metal, Chrome alum, KoS0,.Cr5(S0),)z.24H,0, dark, 
violet-red crystals with specific gravity 1.81278, is Soluble in eaten: It is 
derived by reducing potassium bichromate in dilute sulphuric acid with sul- 
phurous acid, It is used for tanning and in photography as a fixing or harden- 
ing bath, also in ceramics and the textile industry, 


USES AND SUBSTITUTES 


Aluminum sulphate and the alums owe their value to the content of 
aluminum oxide, which is nearly 50 percent greater in the former than in the 
latter, Uses are based principally on the action of colloidal alumina on 
other colloids, Aluminum sulnvhate, which is considerably more economical to 
use, is replacing the alums to a large extent, About 75 pouncs of the sulphate 
will do the work of 100 pounds of true alun, 


The ancients used alum for medicine , as a mordant in dyeing, calico- 
printing, and tanning, and for inhibiting the combustibility of wood and 
wooden buildings. The Turks used it as a base for their maznificent Turkey 
red, Tne Romans, and the Egyptians at a mach earlier period, Prerence a soft, 
flexible leather by alum tannase. 


At present alum is used extensively in the clarification of water and 
sewage and as a mordant in the dyeing industries, It is employed also in the 
manufacture of lake pigments, in the dressing of skins (tawing) to produce 
white leather, in sizing paper, in the production of fireproofing materials, 
and in medicine, 


In water purification, a. small amount of the gelatinous precipitate of 
aluminum hydroxide scrves to coagulate the suspended matter into larger 
particles, These larger particles, which absorb also the greater part of the 
bacteria, settle rapidly, and the process therefore permits the use of rela- 
tively small settling ponds, Aluminum sulvhate, or aluminoferric, and lime 
are added to the water (if the water has much temporary hardness, lime is not 
required), The amount of aluminum sulphate used depends upon the turbidity 
of the raw water or the relative amount of suspended matter to be removed, 
Crude ferrous sulphate, copneras, is often used instcad of alum, being cheaper 
in many places, Other coagulants include ferric chloride and ferric sulphate 
and sodium aluminate ~- each involving questions of geozraphical location, 
price, and chemical behavior, | 


The Department of Agriculture experimented with aluminum sulphate for 
treatment of over-irrigated lands to put the ground in shape’for further 
planting, Both aluminummagnesium sulphate (pickeringite), oceurring on-the 
south bank of the Lahonten Reservoir, Fallon, Nev., and commercial aa 
sulphate were used but neither parce satisfactory cconomically. 
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Paper makers use aluminum sulphate in sizing paper to precipitate aluminum 
resinate on the cellulose fibcrs to make the paper less watcr-absorbent. Be- 
tween 30 and 35 percent of the aluminwn sulphate produced in this country is 
thus used, . 


In dyeing cloth, the cloth is first soaked in a solution of alum or 
aluminum salt (mordant) and then stcamed, so as to decompose the alum, before 
being stceped in the dye, which is absorbed and held or "fixed" by the 
aluminum oxide, which has been thoroughly incorporated in the fiber in the 
course of the preliminary treatment, © - | 


Sodium-aluminum sulphate was put on the market in 1892, It is used as 
an acid-reacting material in baking powder. Originally used alone for this 
purpose, it is now supplemented by calcium Bene a 


Aluminum sulphate and alum are also used in the foam type of fire 
extinguishers, which are suitadle for cxtinguishing all types of oil fire. 
Most foam extinguishers resemble the aoa eee type in appearance, 


In the dressing of furs (when tawing replaces the more ‘expensive oil- 
tanning process) the skins are "fleshed", and the flesh side is coated with a 
paste of egg yolk and flour, to which slominum sulphate or potash alum and 
common salt are added, This treatment is followed by drying and "ageing", 
which requires several weeks, The skins are then washed to remove the salt, 
again treated with egg yolk and flour, and allowed to dry.. 


Alums.are used also in the manufacture of wood pulps, boiler compounds, 
glue and gelatin, oilcloth, linoleum, matches, margarine, ink, ceramics, in 
the rubber industry, catalyst in manufacture of ethane and ammonia, as a 
waterproofing agent for fabric, concrete, and porous brickwork, in oxplosives 
manufacture, agricultural spray material, cngraving, photographic industry, 
sugar refining, manufacture of cucumber pickles, preparation of maraschino 
cherries, confectionery, hardening of plaster of Paris, and the treatment of 
silk stockings, Ammonia alum for filling the space between walls of fireproof 
safes has been largely superseded by less expensive a e 


The annual consumption of all kinds of alums and siaminen Harpe: for 
all purposes in tne United States has been estimated at (320; Q00 Suen tons 


(1929) . | 
ALUMINUM SULPHATE MINERALS 


Saline residues found when natural water is evaporated often contains 
sulphate of alumina, Mineral wells and springs that emerge from beds of 
pyritiferous shale may bo rendered astringent by salts of aluminum, An alum 
well at Versailles, Mo,, contains 7, 36 percent aluminum, 76.57 percent SOy, 
and smaller amounts of other clements, ‘Such waters at times form local 
deposits of alum, gcnerally as incrustations, Acid solutions acting upon 
aluminous rocks likewise may form sulphates of alumina, such as alunite and 
alunogen, a 
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Apjohnite occurs in white or yellowish silky or asbestiform masses and 
tastes like ordinary alum. It nas ben found in the "alum cave" of Sevier. 
County, Tenn,, in an open place under a shelving rock, The slates around and 
above this contain much pyrites in fine particles and even in rough layors. 
The salts form above and are brought down by trickling streams of water. 


Kalinite, a natural potash alum, occurs as an incrustation or cfflores-~ 
cence on weathered shales, schists, or volcanic rocks and is recovered by 
leaching the weathered rock with water. Weathering can be accelerated by 
roasting or by adding sulphuric acid, and, if the natural rock does not con- 
tain enough aa) aa to form potassium alum, the necessary potassium is added 
as the sulphate, : 


Kalinite (potassium alum) associated with sulphur in rhyolite occurs in 
asmeralda County, Nev. The alum is in an irregular network of veins, When 
the alum becomes exposed to the air, it crumbles to a white powder, Duncan®/ 
states that 100,000 tons of ore have been blacked out and that the probable. 
tonnage is over 1,000,000 tons, An alumrecovery plant was in operation be- 
tween 1920 and 1923. The ore was crushed to 3/4 inch, ground to 80~ to 100- 
mesh, leached by a countercurrent method, and the alum solution filtered and 
crystallized, A detailed flow shect of the process is presented in the 
Duncan article, ; 


The daily capacity of the plant was 10 tons of C.P. alum and 10 tons of | 
85-percent sulphur concentrates, Analysis of run-of-mine ore is tabulated 
below: 


Kolo (SOW) 24Ho0 1,66. 


S) (free) @eeeo5e eeorvrevevreven 15 ,0 
— Baral gaits siensysaindshct - 58. 
DGOe wcsateneautnnasseahin 2,6 
(ei 2,1 
CaC0z oevrevnevrveeev eevee ee 8 0 @ e . Lge 
PaO 3” esses esse seep eee eeens ens 1/0 enue 


Noncommercial deposits of kalinite occur in Jefferson and Larimer Counties, 
Colo. 


Pickcringite and halotrichite are found in Colorado, 

5/ Johnson, B. L., Potash: Ec, Paper 16, Burcau of Mines, 1933, p. 18. 

6/ Duncan, Lindsay, Recovery of Potash Alum and Sulphur at Tonopah; Chem, 
Met. Eng., vol, 124, no, 12, Mar. 23, 1921, pp. 529-530. Also, Spurr, 
J, E., Alum Deposit Near Silver Peak, Esmeralda County, Nev.: U.S. 
Geol, Survey, Bull. 225, 1904, pp. 501-502. 
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Alunogen is sometimes classified as an alum mineral, It is a hydrous 
aluminum sulphate (Al,(S0\)z.18H,0) relatively free from iron and is probably 
the "mountain butter" of the German mincralozists, The hardness ranzes from 
1.5 to 2, and the specific gravity is 1.6 to 1.8, It occurs in nature (like 
halotrichite) as a product of sudlimation in volcanic rezions and as a product 
of weathering of iron pyrites in the presence of aluminous shales. Occur- 
rences are reported at Smoky Mountain, H.C.; end surface accummlations amount- 
ing to probably thousands of tons in Grant County, on the Gila River ,L/ about 
of miles nortn of Silver City, N.Mex.; also in Crook and Freemont Counties, 
Wyo., and Doughty Springs and Alum Gulch, Colo. Occurrences are reported 
abroad in Schenmitz, Hungary, in Japan, and in a number of places in New 
South Wales, Australia, It is not produced commercially at present but may 
be a potential source of alums, 


Alum—shale is a rack of varying degrees of hardness, grayish bluish or 
iron—black color, often with a glossy or shining luster. It ‘exhibits 
efflorescences and is composed chiefly of clay (silicate of alumina) with 
variable proportions of iron sulphides (pyrites) , lime, bitumen, and magnesia, 
Tic pyrite or marcasite oxidizes and gives rise to the formation of aluminun 
sulphates or alums, 


The see ala aes alum shale near Wnitby and Redcar, England, used for 
alum, is given below:2 | 


Constituents | i Percent 
Iron sulphice ...... eee 8.50 
SIIVGS “pccaiauraiiucekateamecn “Dato 
Tron Oxides .cccivicawimeescece. Oy lt 
AVUMING: 66 o5.b6.we siodatosx ee 18,30 
Lime Det eee 2,15 
Neaenesia. ~Vssecdbtieesagtue ee 090 
Sulphuric acid ...... Sewanee. 2.50 
Potash ...cccesccocrccas oe | Trace 
DOGS. -sc5c0se-arates peaswauee es aun eae | do. 
Carbon seven eee e eens eee teeeeee | «8,29 
WACOL: 5d ieg eck ee roarareaee cae ts OO. 
Pe eres 0) =) Se ere eee IS PS 


The schist and shales of Whitby, Englend, were quite an important source 
of alum for more than 2 ccnturies, 


Z/ Hayes, C. W., The Gila River Alum Deposits, U.S. Geol, Survey Bull. 315, 
Government Printing Office, 1907, pp. 215-223. 

8/ Merrill, George P,, The Nonmetallic Minerals, Their pecuaaiee and Uses: 
ed ed., revised, John Wiloy <& Sons, New York, p. 359. 
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From 90 to 130 tons of schist were required to produce 1 ton of alum 
found in British commerce durins the last century. The schist was subjected 
to slow combustion in very large heaps over a period of about 1 year, The 
pyrites gradually oxidized, with the production of sulphuric acid and the 
formation of iron and aluminum sulphates, The material was then leached in 
large stone or brick tanks, and the liquor settled, concentrated by heating, 
and excess iron crystallized out as copperas. Potash salt was added, and the 
alum first obtained recrystallized to purify it. Such deposits were worked 
in ingland for years, 


Minerals 
Tne known native alums are: 
Kalinite (common alum) KoS0y Alo (S04) z + 24HDO, 
Mendozite (soda alum) NaS0y.Als(SOW)3 + Ouf50. 
Picieringite NeS0y.Alp (S04) 3° + 22H50. 
Apjohnite : MnSOy "Al5 (SOL) 3 + 2450, 
Bushnmanite : (Mn, Mg) SOy "Alp(S04) 3 + 24H50. 
Halotrichite FeSO, a4 (s0 jz + BuHD0 
Tachermigite (ammonium alum) (11%) 380),.41, soy) 3 + 24H50. 


There are also the closely related double sulphates, as follows: 


Aromite 6MgSOy.Alo (SOW) 3 + S4HDO. 
Dumreicherite L280, «Alo (SOL) 3 + 36H50. 
Sonomaite 3MgSOy.Alo(SOW)% + 33H5O. 
Picroallumogene 2MzS0y, Als (SOY) 3, + 22H,0. 
Tamarugite NaoSO0y Al ‘sony + 12H50. 
Dietrichite, Mon. (Zn , Fe, Mn) SO), A >(S04) 3 + 22H,0. 
Kronkite, Mon, | -  Gaso Na 2SOy + zo 

Phillipite §  «--:: CuSO), Fe §(SO ) 

Ferronatrite tx 3 tla 50); Fes $8.) 4) 3 "Y6iL 0. 
Romerite | : a FeSO) «Feo (SOy) 3 + 12H50. 


OTHER ALUMINOUS RAY MATERIALS 


The alums of commerce are produced principally by acid extraction from 
bauxite, but they have also been made on a substantial scale from cryolite, 
clay, pyritic slates, schists, lignites, alunite, and leucito. 


Bauxite is not a distinct mineral but.a mixture of mineral substances, 
Broadly speaking, rock in place that has been weathered and leached is called 
laterite; but if it is sufficiently free from silica and if alumina predomi- 
nates over other metal oxides, it is called bauxite. Bauxite is relatively 
rare compared vith the vast quantities of low-grade aluminous material avail~ 
able, 
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Typical bauxites now worecd throughout the world contain less than 2 
percent silica, 10 to 30 percent combined water, 55 to 65 percent alumina, and 
25 to less thai 1 percent ferric oxide, tozether with 1 to 2 percent titanium 
oxide. Bauxites of the United States and the Guianas are characterized by 
very high percentages of water, usually about 30 percent; by a low percentage 
of ferric oxide, usually about 1 percent; and by relatively high silica, 
usually about 2 percent. The alumina averages about 60 percent in the ores of 
the United States and somewhat hisher in the ores of Guiana, 


Fox2/ has brought together a mass of information regarding bauxite. 


Leucite (£ £00 A150 45i0,) is a colorless to white or gray vitreous~ © 
looking potassium aluwrinum silicate occurring in igneous rocks, especially 
lavas, in crystals, varying arom 3 inches in diameter to microscopic dimen 
sions or round grains. 


Alunite ie enseonecen alum rock) is a native sulpnate of aluminum and 
potassium, having the fermila Alj(S0y,)z.K550,.4A1(OH)z., and occurs both 
massive and in rhombohedral eryetale (ecenbiing cubeS).in connection with 
volcanic rocks, It is white, with a vitreous luster, a hardness varying 
from 3.5 to 4, and a specific gravity of about 2.6. 


Alunite from the mines at Tolfa, Italy, varices considerably in composi- 
tion, The crystallized variety contains about 32 percent alumina, whereas 
the cruder specimens, which contain a large quantity of silica, have onl 
about 17.5 percent, The following is an analysis of an average sample: 10/ 


a 


Potash , Safad decent Sha cates 1255 

WEG OF 5 ais eecedt iv aualaes eee ee ‘ 11,20 

TE COM) «25.05 aca gre aiestva aneua aoe ates 1,20 

Sp Ea No: ae ae foe wOO mT M.. 
{100,00 


In Australia several varieties of alunite are used for alum. One is 
light pink and contains 1.7 percent silica; another is a chalk-white, con-— 
taining 16,4 percent silica; still another is purple, containing 19.5 percent 
silicas and a granular variety contains 39.5 percent silica, The origin is 
regarded as that of an alteration product of rhyolite, which was attacked by 
sulphurous fumes following an intrusion of pee 
Q/° Fox, Cyril S., Bauxite and Aluminous Paterite: London, 1932, 

10/ Merrill, George P,, The Nonmetallic Minerals, pp. 355~357. 
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Alunite occurs at Marysvale, Piute County, Utah, in veins requiring ex- 
pensive development and ungergrovnd mining; reserves are cstimted at 3,000,000 
tons,11/ Butler and Galet2/ describe these alunite deposits in detail. Other 
deposits occur in Beaver County and Tushar Mountains, Utah; Colorado; Nevada; 
California; Arizona; and Grant County, N.Mex.; also in Spain, Hungary, France, 
and Greece, 


Alum may be produced from galafatite, similar in composition to alunite 
found near Benahabux, which is about 6 miles from the port of Almeria, Spain, 
The ore is calcined and washed in water, Its composition is as iunadien Be 
77 percent; A103, 37.98 percent; X50, 9,64 percent; HO, 17.61 percent 4 


Cryolite, a fluorice of sodium and alumina, 3NaF,AlFz, when pure should 
contain 12,8 percent aluminum, 32.8 percent’ sodium, and 54,4 percent fluorine. 
The only known commercial deposit of cryolite is at Ivigtut, ee i d. The 
deposits and methods of mining them have been described by hordon ,L/ 


By calcining cryolite with powdered limestone and leaching, or by boiling 
cryolite with water and lime, sodium aluminate is obtained as one of the 
products of the reaction, and this may be converted into concentrated alum with 
sulphuric acid, Aluminum sulphate may be obtained also by treating direct with 
sulphuric acid. One ton of cryolite produces three tons of alum. Cheaper 
sources of otner materials have practically replaced cryolite for alum, Most 
of the cryolite shipped to the United States is used in the metallurgy of 
aluminum and in making opaque glass, 


In England, aluminum shales from coal measures were substituted for the 
schists in 1845. These shales contained more alumina, less iron, and some 
potash and required less mterial to be mined, and the time required for the 
process was only a couple of months; consequently, the old method died out. 


The shale was piled in heans about 20 fect long, 4 or 5 fect high, and 2 
or 4 feet wide. To supply air during calcination of the shale, a brick drain 
was constructed under cacn heap, After calcining, the matcrial was removed 
to lead~lined cast-iron pans and treated with sulphuric acid, This mixture 
was heated and amionia gas introduced, The liquor was then drawn off into 
lead lined vessels and agitated, after which the small crystals were removed, 
washed, broken, dissolved by steaming, and tapped off into crystallizing vats, 
After 40 days, the sides of the vats wore removed and the 4+ton block of alum 
allowed to stand 2 weeks, after which a hole was made in the block to permit 


11/ Thoenen, J, R., Economics of Potash Recovery from Wyomingite and Alunite: 
Rept. of Investigations 3190, Bureau of Mines, November 1932, 7% pp. 

l2/ Butler, B, S,, and Gale, H, S,, Alunitc, a Newly Discovered Deposit Near 
Marysvale, Utah: U.S, Geol. Survey Bull, 511, 1912, 64 pp. 

13/ Butler, B. S., and Gale, EH, S., Work cited. 

1u/ Gordon, S, G., Mining Cryolite in Greenland: Eng, and Min, Jour.-Press, 
vol, 121, Feb, 6, 1926, pp. 236-20, 
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the motner liquor (1 ton) to run off, In addition to the time required to 
mine, the recovery process apparently required more than 2 months to prepare 
the raw materia) for maricet. 


For | a time the Pendleton Alum Works, England, using coal~measure shales, 
was the largest manufacturer of alum in the world, producing about 150 tons 
weekly in 1875. 


Lignite.—- During the last century, large deposits of lignite in Aisne, 
France, were worxed and yielded 2,500 to 3,000 tons of alum annually. The 
6~ to 10-foot pyritic lignite devosits are overlain with clay, sand, and 
gravel,. The deposits, more or less mixed with sand and clay, vary consider— 
ably in composition ~ 8 to 30 percent pyrite, 20 to 30 percent organic matter; 
and a large proportion of clay and iron oxide, Somelignite of this class 
contains 5,24 to 18.73 percent alumina, | | , 


In vorking the deposits, the top soil was removed and the lignite taken 
out by open-cast mining, By burning heaps of the matcrial in the open, a red 
ash was obtained, which was rich in aluminum sulphate, This was leached out 
and ammonia added to produce armonia alum, Ferrous sulphate was made as a 
joint product, | 


Alum can be made from a naturally occurring mincral phosphate consisting 
of alumina and a varyin;; pencontae. of iron phosphate found in tne island of 
Redonda, West Indies, 


Miscellaneous sources.~- Many processes for treatment of various sub- 
stances such as potash feldspars, iron-free talc, greensand, mixtures of 
mica and potash salts, or-clay and alkali sulphate with sulphuric acid, to 
produce aluminum sulphate or alum, are described in detail in "The Aluminum 
Industry", by Edwards, Frary, and Jeffries, 


HISTORY 


Alum was used by the ancient Greexs, Romans, and E:yotians, and Pliny 
noted its use as a mordant for the production of bright colors, In the 13th 
century, at Smyrna, it was produced from alunite or alum rock, The process 
of preparing it from pyritic shale has long been kmomm, It avpears to have ~ 
been introduced into surope in the 135th century, and durins the 15th century 
several alum works were established. In 1460, John di Castro began producing 
alum at the Ia Tolfa works near Civitavecchia, Italy, a district in which 
&lum ranked as an important product until recently. The product from these 
works, known as Roman alum, was, in former times, highly valued on account 
of its great purity; in fact, a statue was erected to the discoverer; This 
alum is characteristically stained orange red by finely divided ferric oxide. 


In carlier times, alum was chiefly a natural product and even the ancients 
learned to remove, as being of best quality, the fine efflorescing crystals 


that first appeared, It was vroduced in Spain, Egypt, Armenia, Macedonia, 
Pontus, and Africa, and the islands Sardinia, Melos, Linari, and Stromboli, 
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The best came from Egypt. Phocis and Lesbos were able to supvly the Turks 
with alum for their magnificent Turkey red, It was also made at Foya, Nova, 
near Smyrna, and at Constantinople, The trading people of Italy imported alum 
into Western Europe for the use of dyers of red cloth, At one time it was a 
monopoly of the papal powers, and it was one of the British Crown monopolics 
in the 16th and 17th centuries, 


Peon Italy proses was transferred to Spain near Cartagena, Germany 
began to produce it in 1H The first kciown establishment there was at 
Oberkaufungen in Hesse. 3 | 


Thomas Chaloner began the preparation of alum from scnists on his York- 
shire (England) estate in 1600, and the same method of recovery was used on 
the Lias schists and material from the base of Carbonifcrous limestone scrics 
of Scotland down to the middle of the last century, Similar deposits have 
been worked for alum for centuries on the European Continent. Usually the 
acid employed for the extraction of the alumina was developed by roasting 
pyrites mixed with clay or shale, Because it was easiest to purify, princi- 
pally potash alum was made at first, The manufacture of other aluminum com 
pounds began to be important in the 19th century. In 1944, at the Paris 
Industrial Exposition, aluminum ncaa developed. from cd was exhibited as 
a substitute for potash alun, 


In time the manufacturers! methods were improved until, in 1858, a 
method was discovered for making aluminum sulphate containing 14 percent 
alumina from Passau clay, In 1806, "iron-free" aluminum sulphate, which vas 
said to be entirely iron free and to contain 16 percent alumina, appeared in 
the market, It was made in England by the action of sulphuric acid on Irish 
bauxite or on Eglinton clay, In a number of factories, methods of purifying 
the aluminum sulphate solutions had been developed that were sufficiently 
effective, About that time, however, the process of making both soda and 
iron~free alumina from eryolite was developed. This process was so mich more 
efficient than the methods in use for making pure aluminum sulphate that 
cryolite displaced the others, to be, in turn, displaccd by bauxite, 


Natural occurrences of alum were sought by the colonists in the new 
world, In 1651, Connecticut granted John Winthrop, Jr., a monopoly for 
working alum, Accounts of the first sottlements made in Howard County, Mo., 
in 1805 mention alum deposits along with important mincral discoverics, such 
as tnose of eens lead, copper, Zinc, sulphur, copperas, saltpcter, and 
silver, 


In 1815, alum was being produced commercially in this country on the 
Mazothy River, Anne Arundel County, Md,, by an organization with which was 
associated Girard qEOOeYs an cminent mincralogist and crystallogranpher, 


15/ Hunt, Robert, and Rudlor, i. a Ure's Dictionary of Arts, ianatacturcs, 
and Mines: 7th ed,, London, 1875, vol, I, pp. 105-106, 
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The importance of alum in these carly days is apparent from tariff acts, 
By 1816, it received special mention and was given protection to the extent 
of $1.00 a hundredweight; the duty was increased to $2.50 a hundredwoight in 
1624, | 


Potash and ammonia alums were made by Charles Lennig, of Philadelphia, 
in 1837, and concentrated alum was made in 1959, The manufacture of crystal 
alum was begun by Harrison Bros. & Co., Philadelphia, about 1840, and it 
began the manufacture of concentrated alum from bauxite in 1877. The Ponnsyl- 
vania Salt Manufacturing Co, began to manufacture concentrated alum at 
Natrona, Pa., in 1876 and was the first to manufacture porous alum, 


METHODS OF PRODUCTION FROM BAUXITE 


Bauxite, the principal source of alum in the United States, is mined in 
Arkansas, Georgia, Alabama, and Tennessee, 


When bauxite is used for alum, the process consists in decomposing the 
mineral with sulphuric acid, An apparatus by which sulphuric acid and bauxite 
are delivered continuously at one end of the system, with a liquid overflow 
at the other end ready for evaporation, has been adopted in the last few years, 
A flow shect illustrating this is shown in figure l,. 


Best results are obtained by continuous 24-hour operation. One man per 
shift tales care of flow adjustment and control tests, Unloading from cars is 
on a per day basis, Reducing to 200 mesh is a leman, 8-hour per day job, 
Evaporating and removing from the cooling pan requires 3 men in 24 hours, 
Grinding, bagging and loading finished product is a day-shift job requiring 
6 men. One fireman per shift takes care of two 250-horsepower boilers, Coal 
consumption is 0,30 lb, to 0.34 lb, per pound of alun, 


Aluminum sulphate for watcr~purification is manufactured directly from 
bauxite and sulphuric acid at the Columbus, Ohio, and Washington, D.C., water- 
purification plants, This process climinates five distinct steps in tho 
manufacture of aluminum sulphate and its prcnaration for use in water purifica- 
tion, namely, filtering, concentrating, crystallizing, grinding, and rcdis— 
solving, It is cstimated that a considerable saving in cost is made compared 
with the cost of using the solid aluminum sulphate and that even greater re- 
ductions in cost probably can be achieved by utilizing halloysite (clay) as a. 
substitute for bauxite, The estimated cost of producing 1,000 tons of 1/ 
percent A103 alum in solution by this process is $10,493 50.2 


The Washington plant that uses tho process requires bauxite containing | 
57 percent alumina, with a loss on ignition of not less than 29 percent and a 


16/ Ellms, Josoph W., Water Purification: 2d ed., 1928, p. 331. 
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moisture content of not more than 1.5 percent; and, after being ground, the 
bauxite passing a 60—-mesh sieve shall have an apparent density of more than 1, 


The er ae per ton of 1/7 percent alumina made at this plant in 1933 was 
$15 417.2 


The cost of manufacturing a ton of alum from bauxite by the Kansas City 
(Mo,) Water Department, between April 21 and October 21, 1925, was $14,373, 
At Kansas City, Kans,, Wi2 tons of alum weve manufactured in 1924 at a cost of 
$18.68 per ton, somewhat hicher than usual on account of a decreased use of 
alum, It should be borne in mind that both of these cities are ncar bauxite 
and sulphuric acid sources and benefit from lower transportation charges, The 
average value per ton of aluminun sulphate produced by municipal watcr works 
during the last 5 years (1930-34) was $16.20. | 


METHODS OF PRODUCTION FROM CLAY 


In 1924, clay was the source of 5,180 tons of alum produced in the United 
States, but in more recent years the quantity probably has been less, A clay 
rich in alumina is necded for making aluminum salts, Some of these clays 
carry larger quantitics of aluminum oxide than kaolin, notably those from ccn- 
tral Missouri, where diasvore-bcaring clays carrying over 50 percent alumina 
occur, These clays or clay mixtures are sold according to their alumina con- 
tent, in three grades containing 55, 65, and 7O percent alumina (A150 ). 
Ordinary clays at best contain but 30 to HO percent alumina, usually dee as 
compared with a 60-percent alumina content for bauxite, and the efficiency of 
alumina extrastion is usually greater for bauxite than for clay, 


Sulphuric acid decomposition of clay is now the standard operation in 
preparing aluminum sulphate for water purification, It is not a difficult 
operation and requires only agitation and time and very little heating, 
Previous practice has involved heating the mixture of clay and sulphuric acid 
more than was necessary, 


The necessity for destroying organic matter is restricted to clays and 
shales, Organic matter, like hums, causes scttling and filtration difficul- 
ties during leaching. If the organic matter is not destroyed, it goes with 
the solution, becomes charred from the action of the acids and heat, and 
appears in the final product, coloring it gray or brown ,22/ 


Kaolin or china clay resulting from decomposed feldspar and approximating 
the formula A150 25105, 2 H.0, found in Cornwall, England, has been used for 
the manufacture Of aluminum sulphate, The clay, containing about 40 percent 
alumina, is selected as free as possible from grit and iron oxide, dried, 
screened, and calcined in a reverbcratory furnace, It is then treated with 


1j/ Iauter, Carl J,, Manufacture of Aluminum Sulphate at the Dalecarlia Filter 
Plant, Washington, D.C,: Ind, and Eng, Chem,, vol. 25, no, 29, Scptem 
ber 1933, po. 953-958. Easton, Pa, | 

13/ Tilley, G. S., Millar, R, W., Ralston, 0. C., Acid Processes for the 
Extraction of Alumina: Bull, 267, Bureau of Mines, 1927, pvp. & and 82, 
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sulphuric acid, producing alum cale, (About 60 percent of the alumina is con- 
verted into sulphate.) Commercial eit sulpnate of alumina is prepared from 
alum cake, 


In France, kaolins were calcined at low red heat in a furnacc, ground to 
a powder in a mill, mixed with sulphuric acid, and heated in another furnace, 
After the sulphuric acid began to evaporate, the residue was taken out and 
left to stand for several days, The sulphate of alumina was removed and 
potash or ammonia salt added, | 


BYPRODUCT SOURCES 


Leucite mined in Italy has bcen shipped to an alum plant at Picrre Benite, 
near Iyons, France, The plant yields 6 tons of alum daily, requiring } tons 
of leucite, The ground leucite (meal or grain) is treated with sulphuric 
acid, in which its alumina and potash are soluble; and the solution, which 
already contains these wes in almost equimolccular ratio, is crystallized 
and purified, HinchleyL2/ gave costs of manufacture at this plant as 31 
centimes per kilogram for alum, with sulphuric acid at 22 centimes per kilo~ 
gram; or, in English equivalents, with acid at £3 per ton the cost of produc~ 
tion of alum is B+ Us. per ton, on the basis of an 80=percent yicld of the 
alumina contained in the leucite, The leucito deposits in Sweetwater County, 
Wyo., up to the present have not been utilized commercially as a source of 
the alums, 


In preparing alum from alunite, the ore is first hand~sorted, roasted or. 
calcined in kilns, and subsequently weathered, The calcined alumstones piled 
in heaps 2 to 3 fect high are exposed to the weatner and kept moist by sprink~ 
ling thom with water, As the water combines with the alum, the-stones crumble 
and fall eventually into a pasty mass, which must be leached with warm water 
and allowed to settle in a large cistern, The liquor is drawn off, evaporatcd, 
and then crystallized, A sccond crystallization finishes the process, which 
produces a marketable alum. One ton of alunite supplics about 14 to 16 cwt, 
of alum, sometimes more, and about 2 tons of aluminum sulphate aCe e 15 
percent Alp02. 


A once important alunite deposit occurs at Bullah-Delah, Now South Wales, 
Australia, It yields about &0 percent alum, Since 1908 it has been shipped 
to England for treatment. The output, which was 1,024 tons in 1924, dwindlcd 
to only 39 tons in 1929. | 


DOMESTIC PRODUCTION 


Alum has been made in this country from clay, bauxite, cryolite, and 
kalinite, Although native alums occur at a number of points in the United 


19/ Hinchley, J. W., The Manufacture of Potash and Other Salts from Leucite: 
Chem, and Ind, Rev,, Jour, Soc, Chom, Ind., London, vol, Uz, 1924, p. 
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States, they have been utilized to a limited extent only. About 140,000 tons 
of bauxite, a large part of which is imported, is used to produce alums end 
other aluminum salts. 


Alum was being produced commercially in the United States in 1815; before 
then it appears to have been more profitable to make it abroad and import it. 
Alum—making as an American industry probably got its real start during the War 
of 1612, when we were cut off from foreizn supplies, 


Alum making from bauxite began in 1077. In 1830, there were six cstab- 
lishments that reported to tie Census Bureau the production of 19,600 tons of 
alums valued at $808,165, There are no previous statistics, and prior to the 
census of 1900 the various alums were not reported scparately, In 1900, con- 
cerns reporting to Census Bureau produced 91,500 short tons valued at $2,500,- 
000 (37,400 tons of alums and 54,100 tons of aluminum sulphate), A tremendous 
increase in output of aluninum sulphate has taken place since the peak of 
about 347,000 tons was reached in 1929, The output of alums, on the other 
hand, has declined, production in 1929 having amounted to only 26,900 tons. 
Production and shipments in recent years are shown in the following tabulations: 
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The following table shows the recent record of actual production, to in-~ 
dicate tne difference between these figures and those for shipments shown in 


the preceding table; 


Alum and aluminum su Cae mnroduced in the United States 


1929 to 1934, in short tons 


1929 tk 90 ! 1931 


Alum: 
P Wcricsoy 0: ae ee ee ee 5,712 a | sre 
Pota h, er er ar ae ie cove. eee va 9 St 2 
ee ss fae, 2 ae) ee ae 


Sodium-a luminum sulphate... 
Aluminum sulphate: | 
Commercial... ......eeee06| 320,549 314, 870 298, g54 | 271,537 | 316,608 | 317,535 
Tron—free....ececncceeeet 20,181 | 23,21 14,636 | 14,02 16,015 | 14,852 
Total.ccsrecccenrssee, 3132024 | 359,336 6,934 i 307,224 | G S71 


14,947 | 14,776 : 15,945 16,42¢ | 1s,941 | 17,7h2 


IMPORTS 


Imports of the low-grade alumina sulphate containing not over 15 percent 
alumina have come entirely from Germany and France in recent years, 


The exporting countries and their relative importance in terms of quantity 
and value of high-grade aluminum sulphate shipped containing more than 15 per~ 
cent alumina and not more iron than equivalent to 0.1 percent ferric oxide are 
shown in the following table, In 1933, in addition to the countries tabulated, 
Sweden sent 13,226 pounds of aluminum sulphate, valued at $109, and Canada 
32,000 pounds valued at $330, thus together contributing 10.9 percent of total 
imports, Tne most significant point brought out by the table is the relative 
decline in position of Germany es compared with that of the United Kingdom and 
Belgium, Imports from the Nethcrlands probably represent reexports | of the 
German or Belgium product, 


Imports of alums are not large, They are included in the tabulation of 
domestic consumption, 
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‘Imports by Grades 
The predominant importance of the general grade containing more than 15 
percent alumina or less iron than the equivalent of 0,1 percent ferric oxide 
is brought out by the following: 


rts of alunin sulphate, by kinds 


Wot over 15 Per- More than Per- | Total 

percent centage | 15 percent | centage | imports 

| Pounds 
‘ 706 ,069 
; 6 | 714,910 
Bo Saag | | 1,712,598 
| = 4,5 | | 1,993,282 
1927 1294 | Bop | 2eNT8,572 | 9649 | 1,532,766 
1928 ane: 63 | 0, | 1,112,005 99 ,6 1,116,568 
1929} 3,090 or1 | a2y5e2.082 | 9919 «| 25 05s172 
1930 55 634 | 207 | 2,041,168 | 97.3 | 2,096,804 
1931 1,025 0,1 1,957 544 | 9949 | 1,958,569 
1932 12,273 | 1.6 735,535 | 98, i 747,808 
| 4} 100.0 | dhygiy 

| 


{ 
{ 
t 
O 
pa 


100 .0 | 764,901 
1/ Or less iron than equivalent to 0,1 percent ferric oxide. 


Imports of aluminum sulphate, alum cake, or aluminous calce containing 
not over 1 recent of alumina and more iron than 1/10 
percent of ferric oxide 


Computed 
Calendar Rate of re Value | att Computed|ad valorem 
ea dut valuc|  dut rate 


Cents per 1b.! Pounds Percent 
1923 Sony 7. a 194, 793 os. re $0, a teh | 16,63 
1924 Do, 13,505 | 019 56 16,13 
1925 . Do, 104,625; 1 Pe oy} 314 | 20 ,86 
1926 Do, £9,893 | 1,087 012} 270 | 24,81 
1927 Do, 54,194! 715; ,013! a | 22,74 
1928 | Do, 4563 | 32| 073 4,12 
1929 Do, 3,090 | 25] 9158) 9 | 28 
19303 a | 
Jan, 1-June 17 Do. - | 55,636| 354! ,015] 167 | 19,54 
Jue 18-Dec, 31 1/5 ~ oe ae — -—— 
Total 1930 wwe | 55 ,636[ 854.015) 16 19.54 
1931 1/5 1,025 | 89} .087' 2 | 2.25 
1932 Do, 12,273| 2161 018! 25 11.57 
193 Do, —~ | | --~ 
l Do 
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Imports of aluminum sulphate, alum cake or aluminous calze containing 
more than 15 percent alumina or not more than 1] 10 ercent 
ferric oxide 


| Computed 
Calendar Rate of Quantity | Value Unit Computed ad valorem 
ear dut value dut ate 
Cents per 1b, Pounds Porcent 
192 AE 511,276 | $3, se | $0, 016 $1,917 23,82 
192 Do, 696,365 | 9,045 O13 2,611 28 87 
1925 Do, 1,607,973 | 17,246 ,Oll 6,030 34,96 
1926 Do. 1,903,391 19,769 ,010 | ee 36,11 
192/ Do, 1,478,572 | 18,/eal e013 5 29,62 
1928 Do, 1,112,005 | 11,098 »O10 »170 37,57 
1929 ' Do. 2,522,082 | 25,131 | .010 | 9,458 37,63 
1930 Do. 2,041,168 | 19,628 »O10 7,654 39,00 
1931 Do. 1,957 544!) 20,052 ~O10 | 7:34L 6,61 
1932 ' Do, 735535 | 6,059 »008 2,158 202 
1933 Do. 914} 3,375 | .008 |! 1,556 46.1 
9344 Do 0 60 Q0 | 2.868 | 51.2 


TARIV? HISTORY 


Alum is first mentioned in the Tariff Act of 1816, when it received pro- 
tection to the extent of $1.00 per hundredweight, which was incroased to $2.50 
in 1824, Aluminum sulphate is first mentioned in tho Act of 1862, when the 
duty was 60¢ per 100 pounds, ‘The Tariff Act of 1930 provided duties of 1/5¢ 
per pound on low-grade aluminum sulphate (with not over 15 percent alumina and 
not more iron than 1/10 of 1 percent ferric oxide) and 3/8¢ per pound on high- 
grade aluminum sulphate (over 15 percent alumina or not more iron than 1/10 of 
1 percent ferric oxide). However, under the terms of the trade agreement with 
Belgium, effective May 1, 1935, the duty on imports of aluminum sulphate 
(except from Germany) is now 1/5¢ per pound on both grades, Undcr the Act of 
1930, the duty on sodium alum is 25 percent, on ammonium alum 3/4¢, and on 
potash alum 3/U¢ per pound, 


EXPORTS 
Aluminum~sulphate exports go chicfly to Canada for use in the manufacture 
of paper, Virtually all of the remainder is taken by Latin American countries, 
The quantity of alums exported probably is not large, being included in the 


item "other ahora mua ‘Compaunee” and not shown scparatély in export~trade. 
statistics, , ; 
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Aluminum sulphate exported from the United States, 1929-34 


Short tons Value 


26,588 $607,757 

25,255 573,234 

27,668 568 , 490 

21,550 462,954 

| | 28,270 213 9, 

1934, , alge aig Sly tau BOeol | 594, Wo 


DOMESTIC CONSUMPTION 


The apyarent consumption of aluminum sulphate, which in the carly years of 
the 1920's averaged about 240,000 tons, rose to 323,000 tons in 1929 but subse- 
quently fell off, durin;> the depression, to an average of about 293,600 tons 
yearly, The important use for aluminum sulphate is in connection with the 
purification of water, and 60 percent of the total production is said to be uscd 
for this purpose, Furthermore, there has been a steady growth in the quantity 
manufactured by municipal water works for their own use; thus, 15 years ago 
they manufactured an average of only 4,600 tons, but now they average 10,500 
tons annually. Whereas only about 28 percent of the urban population in this 


country had treated water 25 years ago, today 85 percent of the urban popula~ 
tion has it, 


Paper making, which requires 30 to 35 percent of the aluminum sulphate 


produced, has grown until it reached the proportion of a $967,000,000 industry 
in 1929. 


The consumption of alums averages 23,000 tons anmually now, whereas the 
annual average in the early 20's was 14,000 tons, about 72 percent of which 
is soda alum, which has contributed largely to this incrceasc, Sodium aluminum 
sulphate is used extensively in baking powders, 
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The statistics for the past 15 years, tabulated below, reflect somewhat 
the fluctuations that have taken place in the requirements of industries using 
aluminum sulphate and alums, as well as the extent to which we are independent 
of foreign supplies. 


Consumption of aluminum sulphates and alums in the industry, 1920-344 


Aluminum Sulphate (Short Tons) 


Exports | Apparent 
consumption 


Htit 
Commercial 


shipped 
| Iron free 


1934. |306,532 331,412 382 30,381 300,913 
1933 (305,001! 9,696 | 15,142 | 329,839 202 28,270 | 301,771 
1932 |261,254 10,954 | - 14,017 .| 286,225 374 21,550 265,09 
1931 |291,875 11,509 15,108 | 318,492 978 27,668 291,802 
1930 {305,059 10,300 | 18,177 | 333530 430 254255 | 308,721 
1929 {319,736} - 8,190 | 20,441 | 348,367] 1,263 |. 26,588 323,042 
1928: (3Lis1 15 g, 23,940 | 344,159 558 22,713 | 322,004 
1927 |309,400 6,810 20,210 | 336,420 766 21,128 316,058 
1926 |307,550 12230" 16,160 997 22,031 309 ,806 
1925 1276,210 »240 16,140 856 20,756 278 ,690 
1924 |250,630 5 , 090 15,570 357 16,012 — »235 
1923 oll6 ,095 4. 303 16 ,007 biep’ 17 ,805 go 
1922 |231,385 6,075 19,162 269 13,225 O43 ,666 
1921 |151,859 ,060 ; 11,003 — _ 165.922 
1920 1229 888 115 | = = _ 234.00 
Ammonia Alum 
Yoar eS ee ee eee a ee Apparent consumption 
1934 4, 859 
1933 4, O4% 
1932 3,896 
1931 668 
1930 4.076 
1929 5,108 
1928 5,104 
1927 sant 
1926 4,636 
1925 4, SA9 
1924 5, O17 
1923 4,859 
1922 8,311 
1921 6,284 
1920 = 
(Continued on page 25) 
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1920 


1/ Includes plant repor 
2/ Not reported separately, 


17,767 


18,750 


16,341 
15,907 
14,787 
15,005 
15,/18 
145230 
16,740 
14450 
13,920 
2/ 
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“MARKETS AND PRICES 


Soda Aluminum Sulphate (Shipments Only) 


Quantity shipped are 


ting making other alum, 


At present the greater part of the production, as well as most of the 
consumption of alums and aluminum sulphate, is made east of the Mississippi 
River, It is important to consider this point in connection with any proposal 
to develop natural deposits of aluminous compounds, for the reason that 
charges for transportation.to distant competitive markets are likely to prove 


prohibitive, 


Sales of these products for use in water purification depend 


upon the impurity of local water supplics, and it must bo romembered, too, 
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that more and more manicipe2l water wors produce their own sulphate. Tradc 
channels are not complicated, Some business is handled by dealers, but con- 
sumers ordinarily buy direct from manufacturers, Pieeane their orders princi- 
pally in the fall. 


— Quotations on the alums and aluminum sulphate do not change suddenly but 
remain about the same from month to month ror years. The present price of 
$1.90 per 100 pounds for iron-frcee aluminum sulphate, which is nominal, of 
course, has remained unchanged since 1931, and $1.35 for the commercial grade 
has not changed since 1933, For emmonia and potash alums, $3.00 has been 
quoted since the swnmer of 19%3, wnile before then the price was $3.30 for 
several years. The price of sodium aluminum sulphate has been $4 per hundred 
pounds since July 1933; quotations since 1922 range from $3.25 to $4.00. 


World War conditions naturally brought unsteady prices, For instance, on 
August 14, 1914, iron~free aluminum sulphate, which had been $1.25 to $1.75 
per hundred pounds, rose to $1,50 to $2.00 by October 15 of that yoar, and 12 
months later the price was up to $2.25 to $2.75, reaching the peak of $5 to 
$6.50 in April 1916, The commercial grade, which cost around 90¢ before 1914, 
reached a high of $4,50 in April 1916, Immediately after the war, prices 
settled dowm, only to rise again in the summer of 1920. They have been steady 
Since, but gradually lower, 


For years before 1914 ammonia alum was quoted at between $1.75 and $2.00 
per hundred pounds, but the price rose rapidly during the war period toa 
maximum of $8.50 in 1918. Subscquently, the price declined to $3.00, which 
happens to be the present price of potash alum also, During the past 10 or 
15 years, potash and ammonia alum prices have favored one or the other by 
only a fraction of a cent per pound; this was true, likewise, before 1914, | 
although during the World War, duc to the difficulty experienced in getting 
potash, potash alum prices skyrocketed to $12.00 per hundred pounds in 1918, 


The tabulations of wnolesale prices presented on page 2/7 are taken from 
the Oil, Paint and Drug Reporter and Industrial and me noone Chomistry. 


Those for ammonia and potash alum are opel in the Oil, Paint and Drug 
Reporter for contract and open markct, f.o,b,. Philadclphia, freight equalized 
with Marcus Hook, Pa., Boston, Mass., Atlanta, Ga., and Joliet, Ill. Rail or 
water rate, whichever is lower, applics, lLcess-than-carload quantities must 
carry lcossethan-carlot rate applying. For truck or ecx=warchouse deliverics 
to all metropolitan zones add the lessethan-carlot rail or water rate, which- 
ever is lower, from point of shipment or equalization to the metropolitan 
zone involved, The New York mctropolitan zone is an exception to this rule 
prices delivered via truck or ex-warehouse applying there. In Mount Vernon 
and Yonkers, or points nearby thereto in Westchester County, lots of 25 
barrels or over will be delivered via truck, 
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Potash Alum (New York price per 100 Pounds) 
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1/ No price because of scarcity, | 
2/ Resale or imported (not an American maker's price). 
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Soda Alum (Sodium Aluminum Sulphate) (New York price per 100 Pounds) 
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PRODUCERS 


Water-Purification Plants in the United Statcs Using Bauxite 


Birmingham Water Works Co., Birmingham, Ala, 

Board of Public Utilities, Kansas City, Kans, 

Bureau of Water Supply, Baltimore, Md. : 

City of Columbus Purification Works, Se) Ohio, 

Columbus Water Works, Columbus, Ga, 

Dalecarlia Filter Plant, Washinzton, D.C, 

Metropolitan Utilities District, Omaha, Nebr, : 

Passaic Valley Water Commission, 158 Ellison Street, Paterson, NJ. 
Sacramento Filtration Works, Sacramento, Calif, 

Water Department of Kansas City, Kansas City, Mo, 


Consumers of Bauxite-Making Alums and Aluminum Sulphate 


Bogalusa Paper Co., Bogalusa, Ia. 

Brown Co,, Berlin, N.H. 

Calumet Chemical Co., Joliet; Ill, 

General Chemical Co., 40 Rector St., New York, N.Y. 

Grasselli Chemical Co., Cleveland, Ohio, 

American Cyanamid & Chemical Corp., 535 5th Ave., New York, N.Y, 
Charles Lennig & Co., Inc., 222 West Washington Square, Philadelphia, Pa, 
Louisiana Chemical Co,, Inc., Bastrop, Ia, 

Merrimac Chemical Co., 148 State St., Boston, Mass 

Paper Makers Chemical Corp., Wilmington, Del, 

Pennsylvania Salt Manufacturing Co,, Widener Bldg,, Philadelpnia, Pa, 
Stauffer Chemical Co,, 624 California St., San Francisco, Calif, 
Welch Chemical Co,, 8 Hast Long St., Columbus, Ohio. 


Bauxite Producers in the United States in 1924 


American Cyanamid & Chemical Corp,., 30 Rockefeller Plaza, New York, N.Y, 
Crawford Bauxite Co,, Bauxite, Ark, 

Crouch Mining Co., Inc., P. 0, Box 35, Bridge Station, Niagara Falls, N.Y. 
Dixie Bauxite Co,, Inc., Sweet Home, Ark, 

Benjamin Eastcrlin, Americus, Ga, . 
Charles Lennig & Co,, Inc., 222 West Washington Square, Philadelphia, Pa, 
Republic Mining & Manufacturing Co., 230 Park Avenue, New neat Ns Ys 
Standard Bauxite & Chemical Co,, Inc., Bauxite, Ark, 
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